The participation of acrocentric chromosomes in satellite association and their nonrandom distribution at mitotic metaphase has been documented in a variety of species. In humans, it has been inferred that satellite association is a relic of the participation in a common nucleolus of the nucleolar organizer regions (NOR) which are adjacent to the satellites. Also, the association among the acrocentric chromosomes is reported to be correlated with their participation in Robertsonian translocations or other anomalies.
The participation of acrocentric chromosomes in satellite association and their nonrandom distribution at mitotic metaphase has been documented in a variety of species. In humans, it has been inferred that satellite association is a relic of the participation in a common nucleolus of the nucleolar organizer regions (NOR) which are adjacent to the satellites. Also, the association among the acrocentric chromosomes is reported to be correlated with their participation in Robertsonian translocations or other anomalies.
Reports of acrocentric chromosome behavior at metaphase are preliminary in species other than man. However, acrocentric association has been noted in the Chinese hamster (Juricek 1975) , the grey hamster (Yerganian and Papoyan 1964) , and the mouse (Bennett 1966) . No direct correlation between the presence or absence of nucleolar organizers and satellites on these chromosomes and their par ticipation in satellite association has as yet been found (Spence and Luthardt 1975) .
During the course of a karyotypic evaluation of 22 species of the order Cetacea (whales, porpoises and dolphins), it had been noted that the acrocentric chromosomes in the karyotypes of a majority of these species regularly displayed satellite associ ations (Duffield 1976 ). The present study was undertaken to confirm the presence of the satellite association phenomenon in the Cetacea, to statistically examine the observed association patterns, and to evaluate whether these association patterns are random with respect to the participation of all acrocentric pairs. RPMI-1640 (supplemented with 25% fetal calf serum, 2% penicillin-streptomycin Spence et al. (1975) .
Results
Nonrandom association patterns, i.e. the clustering of the acrocentric chromo somes including direct satellite associations, are apparent on visual examination in 70-80% of the cells (Fig. 2A) . Close, end-to-end pair-wise satellite association of the acrocentric chromosomes was observed in approximately 35% of the cells and included associations between homologous as well as nonhomologous chromosomes (Fig. 2B) . Rosette-like arrangements involving three or more acrocentrics occured regularly (Figs. 2C and D) although pair-wise associations were more frequently seen. More than one association cluster was obvious in a number of metaphases , never exceeding four per cell.
Visual observations further suggested that the acrocentric pairs are not randomly involved in satellite associations. Pair D-5, the smallest of the acrocentrics and the pair exhibiting the most variation with respect to presence of p arms, is the most frequently involved in satellite association. These associations are not restricted to the homologous chromosome and often involve the other acrocentric pairs . Results of the statistical analyses for pair-wise association are given in Table 1 and for within-group association in Table 2 . Pairs A-5, B-3 and C-2 show a signi fi cant tendency (P<0.05) to disassociate, i.e. to be located further apart than the average pair of chromosomes, while pair D-3 shows a statistically significant tenden cy (P<0.05) to associate, i.e. to be closer together than the average chromosome To further evaluate the participation of specific acrocentric pairs in association complexes, the Association Index (AI) of each acrocentric pair was determined . AI is defined as the number of times either member of a specific pair is directly in volved in an association divided by the total number of times the chromosomes of that type appear in the sample, i.e. two times the total number of cells (Nilsson et al. 1975) . Associations were counted if two or more acrocentric chromosomes were positioned with their satellites oriented towards each other and if the absolute distance between them did not exceed the length of a D-2 chromosome. acrocentrics and range from association between two acrocentrics to clusters in cluding five or more. More than one association event can occur per cell . 3. Analyses of metaphase chromosome distribution in Tursiops truncatus show statistically significant nonrandom distribution of the acrocentric chromo somes as compared with random distribution for the remaining submetacentric and metacentric chromosomes of the complement.
4. Further analysis of the acrocentric distribution suggests that the pairs are not randomly involved in associations. Pairs D-3, D-4 , and especially D-5 are involved in satellite association more often than pairs D-1 and D-2. On initial evaluation, involvement of specific acrocentric chromosomes appears to vary among individuals.
5. Statistically significant homologous association is evident for pair D-3. The strikingly visible satellite associations and the statistically detectable clust ering of acrocentric chromosome with or without satellites are probably different reflections of the same event. Some authors have suggested that the association is due solely to the morphology of the acrocentric chromosomes, but this is not the case, at least for studies with the mouse (Spence-Campbell et al. 1972) .
Evaluating the associations is largely of interest because of the possible re lationship between frequency of involvement in satellite association and frequency of involvement in translocation and nondisjunction. This relationship is proposed in human studies (Ferguson-Smith and Handmaker 1961 , de Capoa et al. 1973 , Nilsson et at. 1975 . However, attempts to define the specific association patterns are not in agreement. All of the human studies describe the clustering but while some report that participation of all the acrocentrics is random (Shaw et al. 1969 , Nakagome 1973 , others suggest that participation is not equal and that it is cor related with the frequency of involvement in karyotypic anomalies (Cooke 1971 , Schmid and Krone 1974 , Curtis 1974 , Patil and Lubs 1971 , and Galperin 1969 . There is further disagreement among these authors as to the precise order of acro centric involvement, for example, whether number 14 or 13 is more frequently in volved in satellite associations. The still controversial nature of acrocentric chro mosome association during the mitotic cell cycle render it difficult to resolve these disagreements at this point. It may be, however, that they simply reflect individual differences in involvement of specific acrocentric pairs as seems to be the case in Tursiops.
The chromosome complements within the order Cetacea differ in chromosome morphology, heterochromatin distribution, satellite size and frequency, and proba bly rDNA distribution. This provides an excellent opportunity to contrast specific association patterns between species, and to study the effect of various features of the chromosome complement on these association patterns. Studies are currently being conducted to evaluate the influence of each of these factors on the mitotic behavior of the acrocentric chromosomes in Cetacea. Both of these phenomena have been reported for other mammalian orders and we have previously observed them in other species of the order Cetacea. Visual examination of T. truncatus cells confirms that the acrocentric chromosomes variably display satellites and that end-to-end and rosette-like satellite associations involving these chromosomes occur in a majority of the cells. Statistical analyses of the data reveal definite associations patterns which are restricted to the acrocentric chromo somes. Further evaluation also suggests that these pairs do not participate equally in the associations and that involvement of specific acrocentric chromosomes varies among different individuals.
